SUMMARY The role of oxygen derived free radicals in gastric lesions induced by haemorrhagic shock and the protective effect of oxygen radical scavengers, allopurinol and ranitidine, were investigated. Forty five rabbits underwent haemorrhagic shock for 30 minutes and reinfusion of shed blood. They were killed 30 minutes later. The animals were divided in five groups: A (n=10): Control, B (n=10): intravenous ranitidine pretreatment, C (n=10): oral allopurinol, 24 and 2 h before surgery, D (n= 10): intravenous pretreatment with superoxide Dismutase plus catalase, E (n=5): 60 minute haemorrhagic shock without reinfusion and treatment. Erosions and/or petechiae in all animals in Group A were observed. Three animals in group B and C and 2 in group D (p<0O005, p<0-001) had gastric lesions. The lesions in the pretreatment groups were significantly smaller than in controls. Oxygen radicals plus HCI play an important role in shock induced gastric lesions. Oxygen radical antagonists show a significant protective role.
Clinical and experimental studies have shown that haemorrhagic shock often is followed by rapid development of gastric mucosal lesions. ' 3 Gastric blood flow is considerably reduced during haemorrhagic shock. In the fundic mucosa the reduction of blood flow is more extensive than in the antral mucosa.4 A number of hypotheses have been proposed to explain the mechanism of ischaemia induced gastric lesions, but the pathogenesis remains uncertain. -7 Recent evidence suggests that oxygen derived free radicals may be abundantly produced in postischaemic tissues, accounting for at least part of the damage." Furthermore, it has been reported that superoxide radicals (-.0)) play an important role in the formation of gastric lesions produced by ischaemia plus HCI. Hydroxyl radical (OH') appears to be the major oxygen radical contributing to ischaemic damage of gastric musoca. ' The present experiments were designed to study lumen lavage (Figure) . One millilitre 0-1 N HCI/100 g body weight' was instilled into the stomach through the gastric tube. The tube was then removed and the gastrotomy was sutured with Vicryl No 4/0. Blood was withdrawn from the femoral artery into a syringe containing 1-5 ml heparinised saline (100 U heparin/ ml) until the mean blood pressure was reduced to 20-30 mmHg. The blood pressure was maintained at this level for 30 min, the shed blood was then reinfused. Thirty minutes later the animal was killed by decapitation and the stomach was removed. The pH of the gastric juice was determined at the end of the shock period and the end of the experiment. The stomach was opened along the greater curvative and the gastric mucosal lesions were identified using a dissecting microscope with x25 magnification. The area of the gastric lesions was measured in mm2 as previously described.9 The stomach was then fixed in 7% formalin. Five groups of rabbits have been included in this study. The drug pretreatment regimens were as follows: group A (n=10): no pretreatment (control group); group B (n=10) ranitidine 1 mg/kg intravenously through the jugular vein as bolus 15 min before the removal of blood; group C (n= 10): allopurinol 50 mg/kg orally through an oragastric tube, 24 and two hours before surgery; group D (Table 2 ).
In the control group (group A), all animals showed gastric mucosal erosions and/or petechiae. Statistically significant decrease of the incidence and severity of gastric mucosal lesions was presented in all pretreatment groups (Table 3 ). In the animals of group A the formation of mucosal lesions occurred (Table 3 ). The animals in group E died 40-50 minutes after the blood withdrawal. No change of gastric juice pH was found. None of the animals developed gastric mucosal lesions.
The presence of mucosal lesions was confirmed by histological examination. The microscopic examination of the erosions revealed a loss of the superficial layers (lining epithelium and gastric pits) and a destruction of the normal architecture of the upper part of the gastric mucosa. Intact cells of the gastric glands could still be observed but the normal parallel arrangement of the cellular elements of the glands could not be detected at the upper part of the mucosa. Marked congestion of the mucosa and small subepithelial haemorrhagic areas were frequently found at or near the erosions.
Discussion
In the present study a 30 minute period of haemorrhagic shock followed by a 30 minute period of reinfusion of the shed blood led to the appearance of mucosal lesions mainly in the corpus of the stomach. This topographical predilection could be explained on the basis of a higher susceptibility of the corpus to the haemorrhagic shock. This may be because of the greater degree of circulatory disturbance and the higher vulnerability to ischaemia of this region." In anaesthetised dogs during the shock, the blood flow to fundic mucosa decreases more extensively than the flow to antral mucosa. 4 Gastric mucosal permeability to the back diffusion of hydrogen ion is increased by many chemical agents. ' Evidence to support this hypothesis is provided by the observation that allopurinol substantially increased the survival rate of dogs subjected to haemorrhagic shock.'"'" Recent studies suggest that oxygen derived free radicals play an important role in the formation of gastric lesions produced by ischemia plus HCI. " Particularly°O2 in the rat stomach or OH in the cat stomach"' appear to be the major oxygen radicals contributing to ischaemic damage.
In the present study superoxide dismutase, a .0* scavenger, plus catalase, an H202 scavenger, significantly decreased gastric lesion formation induced by haemorrhagic ischaemia. Allopurinol, a xanthine oxidase inhibitor, significantly decreased gastric lesion formation as well. These drugs, allopurinol and free radical scavengers, had the same protective effect on the gastric mucosa as ranitidine, an H2 receptor antagonist. The H2 receptor antagonists are well known and effective drugs for prevention and treatment of stress ulcers.22
In conclusion, the findings of the present study suggest that oxygen derived free radicals play an important pathogenetic role in the haemorrhagic shock induced gastric mucosal lesions in the rabbit stomach. Oxygen radicals and HCI have about the same injurious effect in the gastric mucosa, while both are needed to produce the mucosal injury. Antagonists of oxygen radicals or HCI play a significant protective role against the haemorrhagic shock induced stress ulcers.
